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BACKGROUND OF THE INVENTION 



a) Field of the Invention 



This invention is related to methods for rapid hybridization of complementary nucleic 

. 1 ! 

acid molecules and their use in purification, immunoassays, biosensors, and other biochemical 



applications. 

b) Description of Related Art 



I i 



The process by which one member of a pair of nucleic acids (oligonucleotides, I >NA, ■ 
RNA) binds its complementary member is known as hybridization. Since nucleic ac d molecules' 
have a very strong preference for their sequence complements, simple mixing of corriplernentary 
sequences' is enough to induce them to hybridize. Hybridization is temperature dependent, so 
nucleic acid molecules that hybridize strongly at low temperatures can be temporarily separated 
(denatured) by heating. Hybridization is the basis for the polymerase chain reaction {anc. in situ 
hybridization technologies. j 1 ' 

Hybridization is a two step process involving (1) diffusion of the target nucleic acid 
molecule through the hybridization medium until it reaches an immobilized probe ai d (2 ) contact 
with the probe and binding to its complementary sequence. This process is usually slov because 
the limited amount of target takes very long to diffuse to the probe surface. The diff isi m rate is 
usually increased by increasing the temperature. Although this increases the hybridieat.on rate, 
there are limits above which the molecules may be irreparably harmed and the process null 
requires inordinate amounts of time to complete. Numerous parties have addressed the problem 
of decreasing cycle time in thermal cyclers and related devices. 
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The actual hybridization reaction represents the most important and central step in 



whole process. The hybridization step involves placing the prepared nucleic acid sarnplle in 
contact with a specific reporter probe, at a set of optimal conditions for hybridization to 



the target sequence. Hybridization may be performed in any one of a number of forrhat 



Tol 



the 



occur to 
For 



ariety of 



100, Part 
308, 



example, multi-sample nucleic acid hybridization analysis has been conducted on a v; 
filter and solid support formats (See G. A. Beltz et aL, in Methods in Enzymology, y< 
B, R. Wu, L. Grossman, K. Moldave, Eds., Academic Press, N.Y., Chapter 19, pp. 256- 
1985). One format, the so-called "dot blot" hybridization, involves the non-covalentj atjachrnent 
of target nucleic acids to filters, which are subsequently hybridized with a radioisotope labeled 
probe(s). "Dot blot" hybridization gained wide-spread use, and many versions werejdej/eloped 
(see M. L. M. Anderson and B. D. Young, in Nucleic Acid Hybridization-A Practical Approach, 
B. D. Hames and S. J. Higgins, Eds., TRL Press, Washington, D.C. Chapter 4, pp. 73^1 ll, 1985). 

It has been developed for multiple analysis of genomic mutations (D. Nanibhushan W D. Rabin, 

T [ 

m EPA 0228075, Jul. 8, 1987) and for the detection of overlapping clones and the construction of 
genomic maps (G. A. Evans, in U.S. Pat. No. 5,219,726, Jun. 15, 1993). 

New techniques are being developed for carrying out multiple sample nucleic jacijc 
hybridization analysis on micro-formatted multiplex or matrix devices (e.g., DNA cjhipjs) (see M. 
Barinaga,-253 Science, pp. 1489, 1991; W. Bains, 10 Bio/Technology, pp. 757-758 J 1^92). 
These methods usually attach specific DNA sequences to very small specific areas of d solid 
20 support, such as micro-wells of a DNA chip. These hybridization formats are micro 1 -sc ale 



versions of the conventional "dot blot" and "sandwich" hybridization systems. Theimijcro 



formatted hybridization can be used to carry out "sequencing by hybridization" (SBfef) 



Barinaga, 253 Science, pp. 1489, 1991; W. Bains, 10 Bio/Technology, pp. 757-758 1992). 

U.S. Patent No.. 5,849,486 teaches the use of electric fields to accelerate hybridiz ation by 
bringing the negatively charged target molecules close to the immobilized probes. Thi; greatly 
accelerates hybridization but requires a restricted flow area due to the tendency of fie negatively 
charged DNA to follow the electric field lines, which do not necessarily cross the complementary 
target DNA location. In order to overcome this problem, the probe DNA has been immobilized 
within the pores of a polymer such as agarose. Even though this brings the target E NA and the 
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probe DNA in close contact, the movement across the restricted pores slows down the probe. 

because of the high hydrodynamic resistance. 

This approach is also nonspecific in nature since the movement of the probe'DNA in the 

i 

electric field depends on the molecule's charge, which varies from molecule to molecule 

depending upon its sequence. Another problem with this approach is that the metal used) in the' 

I i 

manufacturing of the electrodes, which generate the' electric field, may become magnetizjed. 

The object of the present invention is to provide an improved method for the rapid 
hybridization of nucleic acids on solid surfaces. Several longstanding problems in purification, 
immunoassays, biosensors, and other biochemical applications are resolved by this invention.- 

SUMMARY OF INVENTION ■ ! 

I I 

The present invention relates to a method to actively carry out controlled multi-step 
processing and multiplex reactions. These reactions include, but are not limited to, most 
molecular biological procedures, such as nucleic acid hybridization, antibody/antigeri rehction, 
and related clinical diagnostics. In addition, the claimed methods are useful for mult -stjep 
combinatorial biopolymer synthesis, including, but not limited to, the synthesis of different 
oligonucleotides or peptides at specific micro-locations on a given device. 1 

The invention provides a method for increasing the hybridization rate of nucleic acids in a 
nucleic acid assay by labeling nucleic acid molecules with paramagnetic labels and activating a. 
magnetic field inducing rapid migration of the labeled molecules to a solid support, vhire the 
labeled molecule hybridizes with its complementary pair. The paramagnetic label may be 



present on the target nucleic acid or the probe nucleic acid, depending upon whether 
probe are the immobile phase 



ths target or 



DETAILED DESCRIPTION OF THE INVENTION ' 

I. Definitions 

Unless.indicated otherwise, the terms defined below have the following meafctags 
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"Biopolymer" refers to biological molecules such as proteins, oligonucleotides, DNA, 
etc., which are the basis of hybridization, purification, immunoassays, and many oth;r 
biochemical applications. 

"Hybridization" refers to binding reaction between complementary partners <|>f 
5 biopolymer molecules.' 

"Ligand" refers to one member of the ligand/receptor binding pair, such as, 
oligonucleotides, DNA, and proteins! 

"Nucleic acid molecule" refers to any molecule having at least one nucleic afcidjmoiety, 

including genomic DNA, cDNA, RNA, PNAs, oligonucleotides, and fragments thereof. The 

i | 

1G nucleic acid moiety is typically A, C, G, T or U, but may also be another natural or lyrithetic 
nucleotide. 



"Protein" refers to' enzymes, antibodies, and other polypeptides. 

The invention provides a method for increasing the hybridization rate of nuqlei ; acids in a 
nucleic acid assay by labeling nucleic acid molecules with paramagnetic labels and activating a 
magnetic field which induces rapid migration, of the labeled molecules to a solid sujipcrt, where 
the labeled molecule hybridizes with its complementary pair. The paramagnetic latjel may be 
present on the target nucleic acid or the probe nucleic acid, depending upon whethei: the target or 

' ■ ' ' I ! 

probe are the immobile phase. " ■ "- ' 

The solid support is selected, from the group consisting of silicon, glass, and m stals, 
preferably soft metals selected from the group consisting of silver, copper, gold, pU tin urn (II), 
mercury, mercury (II), thallium, cadmium (II), platinum (TV) and palladium (II).' 

The paramagnetic labels may be superparamagnetic particles, having a dian.ettr of from 
about 1 to about 10 nanometers, or are paramagnetic porphyrins. The paramagnetic labels are 
attached to the nucleic acid molecules using cleavable conjugating molecules. At Isast one 
member of a complementary pair may be labeled with a fluorescent detection mole iul : 
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Paramagnetic agents respond very strongly to magnetic fields, becoming demaghel ized 
after the field is removed. The use. of a magnetic field decreases the hybridization time jrom 
days to minutes. This prevents the aggregation that would be seen if these paramagnetic agents 
retained any degree of magnetization. ' 

This invention describes a device fabricated using photolithographic techniques that 
produces localized DC-magnetic fields. These fields are localized at multiple location is < in a 
substrate and are surrounded by coils. These locations are microwells connected by thamels to 
distribute the target DNA hybridization solutions. 

The use of paramagnetic agents to concentrate biomolecules using DC magnetic; fi aids is 



1 0 known in the art. The paramagnetic agents currently used are either polymeric capsuiles 



with a 



paramagnetic iron oxide core, beads in which the paramagnetic material is distributed throughout 
the polymer material, or particles made-up of the paramagnetic material. These agents range in 
size from a few micrometers to nanometers. The main problem with the use of thesef agents for 1 
hybridization of DNA is their size, since the paramagnetic agent is thousands of time larger than 
the DNA molecule. This limits the labeled probe DNA accessibility to the immobilised target 
DNA on the surface and also saturates the available surface for hybridization. i 

An option to the use of these paramagnetic agents is the use of porphyrin moledml :s. 
Molecules of various porphyrins consist of a fundamental skeleton of four rings linked ogether 
to form a larger ring. The rings are'basically of the pyrole.type, four carbon atoms an d c ne 
nitrogen atom; depending on. the porphyrin, various other atoms are connected to the lai ge ring. ' 
Moreover, atoms of various metals positioned in. the center of the large ring distinguishSdifferent 
porphyrins- Molecules with Gd(in) as the metal ion are currently used as contrast agents for 
magnetic resonance imaging. Their widespread use as- contrast .agents is because of he r 
paramagnetic properties. Their paramagnetic properties and size (equivalent to a flu Dre scent 
molecule), makes Gd(IH) porphyrins ideal candidates for paramagnetic labels of DNA molecules. 

The following claims are presented to specifically point out and distinctly ckim the , 
invention. All documents mentioned in this disclosure are incorporated herein by refer :nce. 
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